tion alone is not sufficient. Preoperative axillary ultrasonography (AUS) with the sensitivity of 50-70% and specificity of 87-95% is an indispensable part of staging [1] . When AUS is positive, sentinel lymph node biopsy (SLNB), which is an invasive procedure and requires additional costs, is passed and axillary lymph node dissection (ALND) can be applied [2] [3] [4] . Thus. time and expense can be saved. However, as the false-negative rates of AUS (21%-48%) are not optimal, the demand for axillary surgery remains even if AUS is negative [5] [6] [7] [8] . Therefore, in many centers AUS is combined with fine needle aspiration biopsy (FNAB) and the accuracy is increased in the determination of metastatic axillary lymph nodes [9] [10] [11] . However, a negative FNAB still does not remove the necessity for SLNB. All this classic information started to change with the recent Z0011 Trial Abstract Aims: As the false-negative rates of axillary ultrasonography (AUS) (21%-48%) are not optimal, the demand for axillary surgery remains even if AUS is negative. The aim of this study is to determine the histopathological and tumor characteristics associated with false-negative AUS results. Materials and methods: Patients with normal AUS were divided into two groups as true-negative and false-negative according to the histopathology results of axillary lymph nodes. Two groups were compared in terms of age, histological grade of the primary tumor, histological size of the primary tumor, histological type, lymphovascular invasion (LVI), and ultrasonography BI-RADS classification of the primary tumor. The number of metastatic lymph nodes, size of the largest metastatic lymph node and the number of micrometastatic lymph nodes were also noted in the false-negative group. Results: There were 152 patients with normal preoperative AUS in the study group. The false-negative AUS rate was 20.4%. The incidence of invasive lobular carcinoma (ILC) and the mean tumor size was significantly greater in the false-negative group. Micrometastasis was present in 3 patients (3/31, 9.6%), the mean of the largest metastatic lymph nodes was 12.5 mm, the mean total number of malignant lymph nodes was 1.9 in the false-negative group. In 25/31 (80.6%) of the patients, there were less than or equal to 2 metastatic lymph nodes. The presence of LVI was higher in the false-negative group. There was no significant difference between the groups in terms of the other parameters. Conclusion: Before stating that the axilla is normal on ultrasonography, a careful evaluation should be made in patients with a mass >2 cm in size and/ or ILC diagnosis.
Introduction
For the correct staging of breast cancer and the implementation of appropriate treatment, o knowing the status of axillary lymph nodes is mandatory. In the determination of lymph node involvement, physical examina-designed by the American College of Surgeons Oncology Group (ACOSOG). In the Z0011 trial, there was shown to be no advantage of the completion of ALND in the presence of positive SLNB. This means that more extensive surgery of the axilla does not provide an additional survival benefit or change the prognosis [12] .
These developments have raised new questions. In patients with no lymph node found clinically, when a lymph node is not determined on AUS, can all axillary surgery be abandoned? This question was attempted to answer in the Sentinel versus Observation after Axillary Ultrasound (SOUND) trial [13] . In that prospective randomized controlled trial, patients with breast cancer ≤2 cm without a positive lymph node were randomly separated into 2 groups, one applied with SLNB, and the other with no axillary surgery. This study is ongoing so results are still awaited of the comparisons of the groups in respect of axillary recurrence and disease-free survival.
In the near future, axillary surgery may be able to be completely eliminated in patients not determined with lymph node on AUS. All these reasons increase the importance of the false-negative rates of AUS.
The aim of this study was to determine the histopathological and tumor characteristics associated with false-negative AUS results.
Materials and methods

Patients
This retrospective study was approved by the Institutional Review Board of our hospital. Since the study was retrospective, informed consent by patients and providers was not required. T1 or T2 breast cancer patients without clinically lymph node who had normal AUS between 2014 January and 2018 January were reviewed retrospectively. Male patients, patients with incomplete medical records, recurrent breast cancer, distant metastasis and previous neoadjuvant chemotherapy were excluded from the study. Patients without AUS before surgery were also excluded.
Pre-operative AUS and SLNB
A breast radiologist, with 10 years of experience, performed all AUS interpretations (Hitachi HI Vision Preirus Machine, Hitachi Inc., Japan). The lymph nodes were accepted as "metastatic" when the cortex-medulla differentiation was absent, cortical thickness was greater than 2 mm, cortex was hypoechoic, longitudinal to transverse ratio was less than 2 or short axis was greater than 10 mm, and the hilum of the lymph node was compressed or replaced completely [14] [15] . Patients without positive AUS underwent SLNB or ALND of at least four nodes when the isotope was absent. Dual blue dye and radioisotope localization was used in SLNB. Due to the unavailability of the isotope, ALND without SLNB was applied in 3 patients in the false-negative group and in 9 patients in the true-negative group. Patients with metastatic lymph node greater than 2 mm in SLNB underwent ALND. Lymph node histology status was the standard reference for this study. Patients were categorized as true-negative and false-negative according to the histopathology results of the axillary lymph nodes.
The histological grades of the primary tumor were divided into 2 groups as low grade and high grade. Grade 1 tumors were accepted as low grade and grade 2 and 3 tumors were accepted as high grade. The histological type of the primary tumor was divided into 3 groups as invasive ductal carcinoma (IDC), invasive lobular carcinoma (ILC) and others (medullary, apocrine, etc). The largest tumor diameter was accepted as the histological size of the primary tumor and categorized as less than or equal to 20 mm (≤20 mm) and larger than 20 mm (>20 mm). Ultrasonography Breast Imaging Reporting and Data Systems (BI-RADS) classification of the primary tumor was also evaluated and categorized as BI-RADS 4 and 5. The biological subtypes of the primary tumor were divided into 4 categories as luminal-A, luminal-B, human epidermal growth factor receptor 2 (HER2) enriched and triple-negative [16] . Luminal-A subtype express estrogen receptor (ER) and/or progesterone receptor (PR) with negative HER2 and low Ki67 index (<15%), luminal-B subtype is identified as ER-positive, HER2-negative and high Ki67 index (>15%) or ER-positive, HER2-positive and any Ki67 index, HER2 enriched is identified as ER-negative, PR-negative and HER2-positive, triple negative subtype is identified as ER-negative, PR-negative and HER2negative. Lymphovascular invasion (LVI) was also evaluated and categorized as present or absent.
We compared two groups (true-negative and falsenegative) in terms of age, histological grade of the primary tumor (low grade, high grade), histological size of the primary tumor (≤20 mm, >20 mm), histological type (IDC, ILC, others), the presence or absence of LVI and ultrasonography BI-RADS classification of the primary tumor (BI- RADS 4, 5) .
The number of metastatic lymph nodes, size of the largest metastatic lymph node and the number of micrometastatic lymph nodes were also noted in the false-negative group. The largest nodal metastasis diameter was accepted as the lymph node size.
Statistical analysis
Data analyses were performed using SPSS, version 22.0. The independent sample t-test was used to compare the age distribution between the groups. The frequency distributions of histological size, histological type and 234 Merve Gursoy et al
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ultrasonography BI-RADS classification of the primary tumor in the two groups were examined using Pearson chi-squared analysis. The frequency distributions of histological grade, the biological subtype of the primary tumor and presence of LVI were examined using Fisher's exact test. Variables with a p value of <0.1 on univariate analysis were entered into a backward stepwise multiple logistic regression to ensure the inclusion of important variables into the multivariate regression model. Variables with resulting p values of >0.1 were then eliminated from the regression model. Using this method, only the significant predictors for false-negative AUS remained in the model. The effect size was quantified by odds ratios with 95% confidence intervals. The level of significance was set at 0.05.
Results
The study group consisted of 152 patients with normal preoperative AUS. According to the last pathological evaluation, 121/152 patients were not determined with a metastatic lymph node and the true-negative rate of AUS was 79.6%. In 31 patients, the pathological lymph node was determined after surgery and the false-negative AUS rate was 20.4%. In the false-negative group, micrometastasis was present in 3 patients (3/31, 9.6%), the mean of the largest metastatic lymph nodes was 12.5 mm (range, .0 in SLNB with completion of ALND or ALND alone. The average of the malignant lymph node count was 1.9 (range, 1-5). In 25/31 (80.6%) of the patients, there were less than or equal to 2 metastatic lymph nodes (Table I) .
The mean age was 58.4±13.23 years (range, 19-89 years) in the true negative group and 54.6±13.11 years (range, 33-82 years) in the false-negative group. There was no significant difference in the age distribution of the two groups (p=0.162). There was no statistically significant difference between the groups in respect of histological grade, biological subtypes of the primary tumor and ultrasonography BI-RADS classification of the primary tumor (p>0.05) (Table II) .
There was a significant difference between the groups in terms of the histological type of the primary tumor (p=0.006). ILC subtype was seen with significantly higher incidence in the false-negative group. Then, paired comparisons were made of ILC with other histological types in the true-negative and false-negative groups (Table III). ILC was seen at statistically significantly higher rates in the false-negative group than IDC (p=0.002) and other subtypes (p=0.026). The average of malignant lymph node count was 2.3 in patients with ILC, 1.8 in patients with IDC and 1.4 in those with other types.
Histological size of the primary tumor differed significantly between the groups (p=0.001). The mean tumor size was significantly greater in the false-negative group (31.0 mm) than the true-negative group (18.4 mm). The tumor size was still a statistically significant factor in the false-negative group after controlling for lobular histology. The mean tumor size of invasive lobular carcinoma patients was 23.3 mm in the true-negative group and 30.0 mm in the false-negative group. The mean histological size of the primary tumor was statistically significantly greater in the false-negative group with ILC histological type than in the true-negative group with ILC histological type (p=0.011).
The presence of LVI was seen at a higher rate in the false-negative group (7/31, 22 .6%) than the true-negative group (10/121, 8.3%). But, LVI did not show statistical significance on multivariate logistic regression analysis (p=0.069).
The multivariate analysis is outlined in Table IV . Histological type and histological size of the primary tumor showed statistically significance on multivariate logistic regression analysis (p=0.021, p=0.002 respectively).
Discussions
The results of prospective randomized studies conducted in recent years have created changes in the view of axillary surgery. In the Z0011 study, patients with 1-2 positive lymph nodes on SLNB were randomly separated into 2 groups as those applied or not with ALND. The results of the study showed no significant difference between the 2 groups (SLNB alone or SLNB+ALND) in respect of locoregional recurrence [12, 17] . In the study performed by Rudenstam et al [18] , clinically node-negative patients with primary mass less than 5 cm were included. As a result of SLNB, patients determined with 1 or more micrometastatic (≤ 2 mm) axillary lymph nodes were randomized as those applied or not with ALND. There was no significant difference between the groups in respect of local recurrence and disease-free survival events [18] . These studies demonstrated that despite SLNB positivity in early breast cancer patients, ALND could be skipped. These changes alter the role of preoperative AUS in axillary surgery in breast cancer patients. In the SOUND trial conducted in Europe, AUS negative patients were separated into 2 groups [13] . One group was applied with SLNB and no axillary surgery was applied to the other group and the groups were compared in respect of axillary recurrence and survival. This study is still ongoing. If no significant difference emerges between the groups, as expected, a debate could start in the near future about the replacement of SLNB with AUS. When it is considered that a normal AUS result discounts axillary surgery, the importance of false-negative results increases. When no axillary surgery is applied because of a false-negative AUS result, metastatic lymph nodes could be left in the axilla and nodal involvement may not be determined, so the adjuvant treatment plan (chemohormonal therapy and radiotherapy) implemented will be not at the optimal level. In our study, the false-negative AUS rate was 20.4%. Although there are similar results in literature to those of our study, the false-negative range is wide (21%-48%) [6] [7] [8] . As US is operator-dependent, the experience of the operator could contribute to the dif- ference in these rates. This was not an issue in the current study as the AUS was applied by a single individual with 10 years of experience. Another factor, which could have an effect on falsenegative results, is the presence of micrometastases. Nwaogu et al [6] determined micrometastasis at the rate of 48% in patients with false-negative AUS. Swinson et al [19] demonstrated that axillary US and FNAB have higher sensitivity and specificity in patients with macrometastatic lymph nodes than in those with micrometastatic nodes, but no patient was identified with micrometastatic nodal involvement in that series. When it is considered that micrometastasis does not change the lymph node architecture to a degree that will make a US difference, the skipping of AUS can be expected. In the current study, micrometastasis was present in only 3 patients (3/31, 9.6%) in the false-negative group.
There were ≤2 metastatic lymph nodes in 25 (25/31, 80.6%) patients in the false-negative group of the current study. In the study by Nwaogu et al [6] this rate was 88%. Thus, the vast majority of false-negative AUS patients have minimal axillary involvement. Nath et al [20] revealed that in patients with metastatic lymph node in SLNB but with normal preoperative AUS only 8.7% had an additional metastatic lymph node after ALND. This means that SLNB in patients with normal AUS, is adequate for cleaning the axilla and ALND does not provide additional benefit in the majority of patients. Thus, normal preoperative AUS can predict not only minimal axilla involvement but also limit the axillary surgery with SLNB, which is a less invasive method.
The frequency of ILC was significantly higher in the false-negative group than IDC and the other histological subtypes. Neal et al [21] reported that while 4% of axillary metastases were misdiagnosed on AUS in IDC, 17% of metastases were missed in ILC. Similarly, Hackney et al [22] demonstrated that false-negative results were more common in ILC. That ILC higher false-negative rates was an anticipated result in the current study. Histologically, ILC is formed of single rows of small, uniform cells with narrow cytoplasm. This microscopic nature of the tumor causes growth by protecting the normal anatomy without forming a sharp-bordered mass. This provides more subtle findings on imaging. Moreover, in the current study, the mean number of malignant lymph nodes in patients with ILC was greater than in those with IDC or other types [2.3, 1.8 and 1.4, respectively). Reyna et al [7] also demonstrated a lower pathological burden of axillary disease (<2 total positive nodes) in IDC than in non-ductal carcinomas after a false-negative evaluation.
There was a statistically significant difference between the true-negative and the false-negative groups in the current study in respect of the histological size of the primary tumor (mean size was 31 mm in the falsenegative group and 18.4 mm in the true-negative group). Gipponi et al [5] revealed that the negative predictive value of AUS and FNAB were higher in T1 tumors than T2 tumors (85.5%, 58.9%, respectively). They related this result to the higher metastatic potential of advanced breast cancers. It is known that larger dimension tumors create more axillary involvement compared to small tumors. Furthermore, the sensitivity of AUS is correlated to the histological size of the primary tumor and the number of involved axillary lymph nodes [23] . Therefore, our finding that the histological size of the primary tumor was smaller in the true-negative group and, associated with that, there was less axillary involvement, was an expected result. Similarly, Johnson et al [24] in their study, which focused on tumor pathological features associated with false-negative AUS results, found the tumor size to be larger in the false-negative group. They stated that AUS may miss the small axillary metastases.
The presence of LVI was higher in the false-negative group. But, LVI did not show statistically significance on multivariate logistic regression analysis. Johnson et al stated that a false-negative AUS was more likely in tumors with LVI because of the higher pretest probability of metastatic disease [24] .
In respect of the histological grade of the primary tumor, it was expected that there would be more highgrade tumors in the false-negative group because of the growth potential. High grade was determined at the rate of 93.5% in the false-negative group and at 83.5% in the true-negative group, but the difference did not meet statistical significance.
When the BI-RADS classification was examined, there was greater suspicion of malignancy in patients with BI-RADS 5 primary tumor and it was predicted that there would be greater axillary involvement associated with this. It was therefore thought that there would be more BI-RADS 5 patients in the false-negative group. BI-RADS 5 was determined at the rate of 58.1% in the false-negative group and at 54.5% in the true-negative group but the difference failed to meet statistical significance. Similarly, no difference was determined in respect of the biological subtypes of the primary tumor. Johnson et al [24] and Moorman et al [25] demonstrated that tumors which express ER or PR had a higher possibility to have false-negative AUS. The association between false-negative AUS result and ER expression is uncertain. PR positive tumors have a higher potential for axillary metastases and this situation may be related with false-negative AUS results. In our study the subgroups of patients according to tumor molecular biology were relatively small and there is a need for studies with larger series to reach such a finding.
The limitations of this study are related in principal to the retrospective design and the small sample size. But, there are few studies in the literature that have focused only on the false-negative results in AUS. There is a real need for further prospective studies with a larger series on this subject.
In the majority of the published studies preoperative AUS was applied by different operators. This situation may cause inconsistency among the results. The strong point of our study is that AUS was applied by a single operator with 10 years of experience. This had a significant effect for the generalizability of the findings.
Opinions of axillary surgery have started to change as a result of studies conducted in recent years. Rather than extensive surgery in early stage breast cancer patients, limited lymph node dissection has come to the fore. It may even be that in the near future, axillary surgery (SLNB or ALND) will be able to be eliminated for patients with normal AUS. This increases the importance of false-negative results. By determining the potential factors that could cause a false-negative result on AUS, it could be possible to determine potential metastatic lymph nodes with a more detailed evaluation in these areas.
In conclusion, higher false-negative AUS rates can be found in larger masses and in the ILC histological subtype. Therefore, before stating that the axilla is normal on US, a careful evaluation should be made in patients with a mass >2 cm and/or ILC diagnosis. US is an operatordependent modality and the results vary among radiologists and institutions but these causes of errors can be removed or minimized by stating definitive criteria for the interpretation of AUS findings. It is very important to achieve higher inter-and intraobserver agreement. Nevertheless, ILC subtype has a privileged position because of the high false-negative rates. Even when visible lymph nodes are present in the axilla in patients with ILC, a biopsy should be performed irrespective of the imaging characteristics.
